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STUDIES ON THE PATHOGENESIS AND DMUNITY OF TULAREMIA
SUTHARY
July 1, 1951 thiough Decsmber 31, 1951

Comtract NE&-OMR-26007
Univarsity of Kanses, La»rence

The experiments which are summarized fall into 3 general categories:
I, Antigen Studies, II. Immunity Studies and IIJ. Variation Studies.

Y. Antigen Studies

1. Progress has been made in growing larre quantities of Dacterium
tularense by using concentrated media in a cellophane sack suspended in
1ictilled water. The cells have been used for the extractic.m of poly-
saccharide and are to be used for other types of extraction.

2, Sterile tissue extracts from infected animals have besen used in
preliminary experiments and have indicated the presence of an immunizing

antigen,

II. Immunity Studies
3. A protection test in mice has been developed which ajrears to

L. The results of protection tests appeared to show that the serum

from receovered animals was more protective than {roa vaccinated animals.
Se There was no correlation bstween protective, agglutinative or
hemagglutinative antibodiese
£, A satisfactory bactericidal test has bean wvorkec out,
7. This test indicates that whole blood from rabbits vaccinated w’tn

killed cultures is wmore Lactericidal than “Nooa from normal rabbits.
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8. Blood from recovered or recently vaccinated persons is more bac~
tericidal than blood from normal persons or those veccinated a number
of months beizore the test. PBacterinstaiic effect might be a bettsr tern
then bactericidal, since the blood is roraly sterilized and only smel’.
numbers of bacteria are disposéd cfe

ITI. Variation Studies

9+ Variants of the partially virulent Jsp strair are shown to vary
in toxicity for white mice when injected in large numbers in thea living
states :

10, Variants of the Jap strain have been shown to vary in antigenicity
as tested by the agglutination test after in:jecti:on into rabbits. The
sneoth strain showed a greater degree of 'antigenicity than the non-smoqth
strein. This was in agreement with the findings reported carlier in whits
mice.
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IMMUNOLOGICAL STUDIES ON TULAREMIA

by
Joan McCamish
Surmary and Conclusinns

e A pritective tect, using imrune rotolt cerim and strain Iace of
Bacteriun tilarense in the susceptible white mcuse, has been ceveloped and

the procedure for this test has been presznted,

"2, This test i3 useful in detscting ite presence of srd maasuriaeg

the relative anounts of protective antibtedy in a .tu?_a'remia antiserun.

3+ A noticeabla difference was fownd in tha protact:‘.vé power of
sera from rabbits followinz vaccination end frem thoze following infection.
The sera from convalescent rabbits offered proteciion ~pprcxinately one
handred times that of sera ‘rom vaccinated rab>tits.

Le At the dilutions of serum used, no differences could be observed
in the protective capacity of several rabbit sera after sub-lethal in-
fection with variants of strain Jsp of Bacterivm tularense, despite the

.differences.-in virulence and immumogenicity of the V.Iariants for white

mice, .

S+ The injection of sensitized red blood cells in*o a normal rabbit

~ @licits the production of hemagglutinins as well as « low titer of the

protective antibody end bacterial agglutinins.

.- 6a..¥Fo_correlation has been found between the rosults of the pre-

'-tactiva test ‘and the.results-of either.the hemagslutination ar the.
t-- agelutination test.
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SUMMARY

Antigenic Studies:

l. Polysaccharides from a virulent and partially virulent strain
have been prepared and partially characterized.

2. These polysaccharides sre not immunogenic for white mice.

3. Antigens isolated from cold macerated tissues from infected mice
prolong life when injected into normal mice, but do not enable them to
resist challenge with virulent organisms.

Jomunity Studies:

l. A protective test has been worked out and evaluated.
2. The protective power of rabbit serum for mice has been shown
to be rsreater from recovered rabbits than fram vaccinated rabbits.

3. Bactericidal tests on human and rabbit whole blood have shown

that blood from recovered humans and rabbits is more bacteriostatic
than from vaccinated humans or rabbits,
L. A series of tests on iscoli antigens are reported. These
tests have shown that the antigen appears in mice as socn as abundant
proliferation of the organism occurs and is generally lacking in
challenged immune animals.,
Se. ‘The Ascoli antigen apparently is not immunogenic for white mice.
6. Clearance tests on white mice show that the actively or pass-
ively immune mouse removes living cells from the blood stream with
great rapidity and concentrates than in the liwer, 1hs implications of

this mechanisn are discussed.
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Variation Studies:

l. A.sumary of the work on variants shows that the smooth and
non-smooth strains can be divided into two distinct groups on the basis
of their respective properties.

2. Experiments are cited which show that non~-smooth strains do
not produce as high a titer of a‘glutinins in rabbits as the smooth
strains and neither is immunogenic.

3. The non-smooth strains produce a lower titer of agglutinins
in rats than the smooth stmains but are immunogenic.

be No in vivo dissociation of smooth strains s been observed
in normal or immune rats or mice.
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OFFICE OF NAVAL RESEARCH l !
Microbiology Branch l ’
!
|

SEMI-ANNUAL PROGRESS REPORT

Report prepared byt Dr. Cora M. Downs Date: July 1, 1952 .
For Period February 1, 1952 i
to June 30, 1952 [

NRs !
Contracts N6~ONR-26007 : [
Annual Rate: $20,928.30 |
Contractor: University of Kansas :
Principal Investigator: Cora M. Downs
Assistants: Research Assistants. See Personnel. .
Title of Project: Studies on the Pathogenesis and Immunity of Tularemia.
Objectives: The study of the mechanism of immunity in tularemia by .
means of an attempt to isolate an immunogenic antigen !
and to understand the role of circulating antibodies

and tissue cells in the immune animal.

Abstract (or Sumary of Results)

a, Since start of projects
be During current report periods
Plans for Futuret

Immediates Continue a study of the immunity mechanisms of mice and !
rats with special emphasis on tissue reactions. Attempt
to isolate an active antigen which is immunogenic as well
as serologically active.
long rangss The problems of immunity in tularemia pose many intriguing
questions. There is a great difference in host response as indicated by
the sclid immunity produced in white rats by killed vaccines and the
almost complete lack of immunity in white mice, rabbits, guirea pigs, !

cotton rats and other animals induced by these same vaccines. The latter

animals become immure to varying degrees when injected with living
orgarisms Jf lowered virulence. This may indicate that ths multiplying

organisms in the infected animal produce an immunogenic antigen or that



.?.

the immunogenic antigen for the white mouse and other animals is highly
labile and that rats and more resistant animals respond to other antigens
available in killed cultures. The elucidation of this question of immuno-
genic antigen is one of the long range objectives of this project.

It las been abundantly proven in this ldboratory that immune animals
dispose of large numbers of virulent organisms in a few days after challenge.
It has been shown also that the bacteriostatic or bactericidal effect of
whole blood serves to dispose of only a few organisms, LOO to LOOO per ml.
Preliminary studies on clearancs of the blood stream of organisms in
immune animals show that the liver played & major role in accumulating
organisms and rendering the blood stream sterile., The interaction of
circulating antibodies and phagocytic mechanisms are therefore being
scrutinized,

Studies in this laboratory and at Camp Detrick have shown that dis-
sociation occurs in Bacterium tularense cultures and that immunogenicity,

virulence, colony type, toxicity and ability to multlply in the animal
w ae characteristic of the variants. The correlation betwsen these
various properties is far from clear and is also being studied as part

of the long range progras,

]
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SEMI~-ANNUAL REPORT CONTRACT N6-ONR-26007

The following report constitutes an account of the work dons during
the period from January 1, 1952 through June 30, 1952, together with a
brief summary of this work, a summary of Miss Joan McCamish's thesis and
a summary of the work done from July 1, 1951 through December 31, 195.

Routine matters such as virulence titrations, the preparation of
vaccines, etc., are not reported. Dstailed reports on work now in progrecs
are not included. The routine technics are given under Materials and
Methods and any special technics needed to explain the experimental work
are included with the report of the experiments.

PERSONNEL

Contract N6-UNB-26007 was activated July 1, 1951. The following
personnel is listed together with their status and time of employment.

Graduate Student Research Assistants Employed
Max Moody, Ph.D. candidate July 1, 1951, 1/2 time
Lloyd Hendrix, Ph.D. candidate July 1, 1951, 1/2 time
Joan McCamish, MA candidate ] July 1, 1951, 1/2 time
to May 31, 1952

Miss McCamish received her MA, June 1952 and will go to work for the
Naval Leboratory, Berkeley California, September 1952.

Technicians
Mrs. Mary Jane Taylor, MA Bacteriology July:l, 1951, full time
Mrs. Irene Dyke, L'ecole Rachel, Paris
Lycee Briseux, Quimper Oct. 1, 1951, full time
Patricia Brownh, Secretary Sept. 1, 1951, 1/2 time
Anima) Care

Mr. Marry Jeffrey July 1, 1951, full time
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Notss Mre. Moody will be with the projedt until January 1953, when he will
receive his Ph.D.

Mr. Hendrix received his Masters degree in June 1952, and is con-
tinuing work on a Ph.D.

Ve expect to appoint one or more graduate students to the grojoct
in September 1952. |
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MATERIALS AND METHODS

The following is a description of gensral materials and msthods
usod. Whenever necessary, details are given aith the separate experiments.

l, QGlucose cysteine blood agar as descrited by Doum(l)ia used for
surface plate counts and for slants for carrying stock cultures. (Hsre-
after designated as GOCBRA)

2. Snyders broth is usually used as described by &xyder(z)for all
liquid cultures.

3. A standard suspension is defined as a suspension of such turbidity
as to give a light transmission of 2L in the Coleman spectrophotometer,
600 wave lengths. Such a suspension gives a piate count varying from 2
to L X 10° per ml. and is used as a starting suspension for all LDg,
titrations so that an LDg, of 10~° indicates that 1 to 2 organisms i1l
50 per cent of the nie:in,f;:;;um-l of the standard suspension.
The Reed and Muench(3) method s used to caloulate the LDy . A standard
suspension is hereafter designated as (SS),

ke The usual stock strains used ar Sm virulent strain LDg, for
mice 10~**° (sS). |

Strain 38 completely avirulent for mice,

Strain Jap partially virulent for mice LDg, 1074°°,

Strain Ince partially virulent for mice LDgy 2077°°,

In cases where variants are used,‘ the Mstory of the variant

is given,

S, Albino mice of approximately 20 gram weight predominantly male
are used. These mice are pruchased from the llaph; Crove Rabbitry,
Springfield, Missouri, and are healthy vigetrous stocke.

6. AL} agglutination tests are performed using Strain 38, .killed with

phenol, washed and suspended in saline to standard turhidity. Equal
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volumes of antigen and 2 fold dilutions of serum are mixed and incubated
over night in the refrigeratoar for final reading the next day. The titre
represents the highest dilution of serum at which definite agglutination
nay be seen with the naked eye and a concave mirror.

7. Hemagglutination tests were set up following the technique of
'Jright(b).
Cells: S to 7 ml type O human blood was added to 1 ml 2 per cent
potassium oxalats, the suspension washed 3 times in 0.85 per cent saline,
and the cells packed and resuspendsd to 10 per cent in 0.85 per cent
salins,
Carbohydrate: The lyophilised carbohydrate was made up in a aoluti}::: of 1

sg/nl in 0.85 per cent saline and kept froszemn.
Sensitization: The carbohydrate solution is diluted to .00S per cent

with 0,85 per cent saline and added to an equal volume of 10 per cent
erythrocytes. This mixture is incubated 4 hours in a 37° water bath.
At the end of the incubation period the cells are washed four times in
six or more volumes of 0.85 per cent saline and resuspended to .S per
cent in saline,
Agzlutination: To G.S ml amounts of 2 fold serial dilutions of the serum,
0.5 ml of the 0.5 per cent cell suspension are added. The tubes are
shaken and allowed to stand at room temperature for two hours. The test
1s read as the highest dilution of antiserum whizh shows L+ agglutination
(cells distributed uniformly over the bottam of the tubse).

8, In the bactericidal tests, all glassware in contact with the
heparinised blood was coated with silicone and chilled. Heparin was
adéed 50 that the final dilution was ). mg per 10 wl of blood. No diffi-

culty with clotting during incubation was experienced.




9« Protection Tests: These testis were all performed in the following

manners Mice were given the immune or normal serum by the intravenous
route, injecting 0.5 ml of the appropriate dilution into the tail vein.
They were then immediately injected with the challenge strain Ince in
dilutions such as to give 10 or 100 LDy, The mice were held for 10-12
days and any dead mice were autopsied and the heart blood and spleen were
cultured, Only specific deaths are recorded.

.'-.
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TECHNICAL REPORT

The technical report falls into three categoriess I. Antigen Studies,

II. Imnunity Studies, III. Variation Studiss.
I. ANTIGEN STUDIES A
Ae Preparations of Purified Anti ]

The msthod for the growth of large numbers of Bacterium tularense was

given in the semi~ annual report of December 31, 1951. At that tims
7.8 grams of cells strain Sm, were on hand ready for extraction. These 1]
cells wre used to prepare the polysaccharide and yielded 1,59 grams of
material with a nitrogen value of 7.3 per cent. Since that time 8.0 grams
of Jap H have been collscted and are now being used to prepare another
lot of polysaccharide. Cells of Sm and Jsp are being grown to prepare

protein extracts. The resuit of these experiments will be reported sub-

sequently. ’ f
The injection of the Sm polysaccharide referred to above, gave evi- |

dence of very little immmogenic activity in mice. Out of 20 mice injected

with & total of 1.0 mg in broken doses, 18 died when challengsd with 100 l f
IDgo of the virulent Sm strain. Ten out of ten cont:ol mice died.
B. Tissue Antigens:

In the first progress report, results of the injection of tiasue t g
antigens prepared from mice injected with Jap H showed that they induced )
a prolongation of life in mice challenged with the fully virulent strain,

Because of the great difficulty in ascertaining whether all of the living
Jap R organisms which might have been present were killed by the freeszing
treatment, the experiment was repeated using tissues from mice injected

with Jap H 0.5 ml of 10”* intraperitoneally. A second experimant wmas also
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set up, infecting mice with the virulent Sm strain. This strain bhas an

LDgo of 10=°*8 which represents 1 to L organisms. 1t was felt therefore

that sterility of the preparations could be more sasily established by

$he injection of the tissue into the control mice used to deumim'aurility
than when using the Jap B strain.

The tissues were treated as described previocusly. Mice were infected
with 1 ol of a standard suspension of Sm diluted to 10~7, All mice were
sacrificed at 2, 4B, 72, and 96 hours after injection. The liver, spleen
and heart were removed aseptically and S parts of chilled distilled water
was added. The mixture was homogenized and centriffuged. The supernatant
was removed and the material shell frosen and stored in the desp freese.
A1l the above operations were carried out as rapidly and in as low a
temperature as possible. The dstailed data on the sterility tests on
the tissue is given in the sppendix and may be sumarised here by saying
that tissue from Jap H infected mice remained infective for 21 days but
not for 35 dayss TWhereas cultures were negative after 10 days. Tissue from
Sm infected mice was infective for LS5 days but not for 75 days and by
culture they were positive for 10 days but not for 25 days.

The above tissus extracts were injected into groups of 18 mice 0.5 ml
intraperitoneally on alternate days until 4 doses had been given. After a2
period of 10 days they were challenged with ths virulent strain Sml.
Normal control mice were given comparable tissue extracts prepared from
norsal tissues. Restlts of these two experiments are summarised in
Table i.

There is very slight evidence that an immunogenic antigen is present
in these tissue extracts. There is slight lowering of ths LDgg and alight
prolongation of life. The concentration of fhia hypothetical antigen will
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be explored by chemical means. e hawve frequently reiterated our views
that immunogenicity rests principally on the production of some antigen
produced in the animal dbody during infection, but have been unable to get
clear cut evidence of this antigen. That antigens are demonstrable from
tissues is evident from the work of Larson{U)and this hboratory(S) s but

it is not clear that these heat stable antigens are responsidble for immunity.
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Immunity Studies

A. Protection Tests - Whole Rabbit Serum

In the first six months report we described the isolation and stabil-

ization of the Ince strain of Bacterium tularense. This strain has retained

an LDso of approximately 10~7 and has been used in subsequent protection
tests. In an effort to evolve some simple method of evaluating these tests
we have used Pannell's“’ method of calculation of the mouse protection
index and mouse protection ratiol In addition, McCamish{attempted to
simplify the above method by eliminating the average day of death from the
calculation and made a comparison on the basis of the number of mice dead
at a given dilution of organisms after receiving normal serum and the nume
ber dead after receiving immune serum. The difference was thus a small
whole number. The difference at any one level was designated as & o If
the differences at different levels are added, the protective power of the
serum could ve designated as Sigma. Examples of these calculations are given

as follows:

Per cent mortality ' " "
Average day of death = mouse protection index

Normal  5/5 (dead over tested _ 83.3 . MpI of 16.7
>

Serum

Immune 1/5 -0 o £ 3.
Serum B 3 KL 08323

MPT 16.7 . Q1
. Wy T MRS

The smaller ths numerical value of MPI, the greater the protection.
The larger the numerieal value of MPR, the greater the protection.

dead Normal serum 1:10 Minus dead immune serum
L = tested  + Ince Strain'1G~° tested + Ince 10~8

thua:_%__l - Al

v
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/N = Normal serum 1-10 Immune serum
+ Ince 10~¢ Nipus + Ince 10—%

thust 6/6 - 0/6 = A6
£ then 8D 4+ 48 .5 1

The individual reactions of the mice to infection made evaluation of
the sera on the simple basis of ascenciing numerical values of Z impractical.
In order to compare the sera q@titatimu. it was necessary to establish
some arbitrary standard as a.protective level for¥. The maximun value of
12 was not obtained in any case, but the value of 10 occurred most often in
the case of the high values of ¥, half of that or 5 was then assumed to
be the lowest value which a serum could have and still be considerad pro-
tective. The protective titer of a serum would then be the highest dilution
of that serum showing a value of S or above.

In the method used by Pannell a serum was assumed Yo be protective if
the MPR was 2 or above, When the MPR of the sera used was compared te the
corresponding Sigma it was found that in all but a few cases the results
correlated. In only 3 cases was the MPR above the protective level of 2
vhen the I_was less than S. .

The protection tests were performed as given in Materials and Methods.
Three pools of serum were used from rabbits receiving phenolized vaccines,
containing h-bidlton organisms per ml. The vaccires were given intra-
peritoneally in 2 ml amounts for S doses at 2 week intervals, Pools 1
and 2 came from 2 pabbits bled after receiving one and 2 injections of
vaccines respectively «- Pool S from 2 rabbits after the Sth injecti:on.
Rabbit V, and Vg were unpooled samples from a rabbit after 3 and'6 injections
rospectively. PRabhit IV and V received a living Jap suspension containing

)
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LO million cells 3 months after the last dose of phenolised vaccire. The
protective effect of these sera is given in Table 2,

A series of rabbits wew infected with LCO million living cells of
Jap variants and were bled 10 days after infection. After a rest period
of a week they received a second dose of living cells and were again bled
7 days later. These results are given in Tables 3 and L.

The following sumary 1is made from these results.

When the various values were caiculaud as indicated above, pooled
serum from rabbits vaccinated with phenolized Jap vaccines gave a Sigma
value above 5 only when diluted 1 to 10, except in the case of one rabbit
which had been given 5 series of vaccine injoctions. Serum from 2 vacei-
nated rabbits which had recovered from a challenge dose of L0 million Jap
cells gave a Sigma value of 5 and 8 respectively at a dilution of 131000,
Serum from rabbits injected with LOO million living cells of variant strains
of Jap, that is Jap A, B, C, and H, and bled 10 days after the injection,
gave Sigma values of &, 10, 11, and 11 respectively. These same rabbits
when al)owed to rest and wx.en given another challenge dose of equal quantity
gave Sigma values of 10, 10, 10 and 9 respectively. It seems reasonable
from these experiments to conclude that rabbit serum contains protective

antibdodies for the mouse which are measurable by this method.

-4 . M
bl A




T

P al ca 2 o uads

%~

Table 2
Summary of the protective effect for white mice

of serum from vaccinated and recovered rabbits

R e g

e et st

-y .

i‘

Tomime _Normal 771
; Dead & | Dead 1 ; :
Source  Dilutiom m' ADD | MPT | ;ADD &PI YMPR | & |
i & ‘ 1 -
i . g - i : ; 1I !
ool /1 : 1110 } /11 | 60 1.5 | 11/12 | 4.7 FSJ g 13 10 i
henolized | | ;
'Vaccine : 1:1000 ! 7/12 | 5.6 104t 7/11 ! 5.7 .1‘ 1.1} 0]
Pool #2 | 1510 ! 0/12 | e | = | 7/12 | 6.0 ixx| 7|
a.ccine 1:1000 f 9/12 | L.8{ 15.6 | 10/12 | 5.8 hi 0.9 | 1,
[PooM T 1110 | 012 | = | =— _  As for pool 2 7!
enolized’ g i | . g
F:ccine ; 1:1000 | 9/12 | 6.2 12.0! | h.h.h 1.2l 1 :
Rabbit #vf- 110 | 012 | — 1 — 1 7/12 | 6.0 198 — 7.
iPhenolized! ' l '
qu:cim ] 1: 1000 Wiz | 6.2 5.4 | 512 7.8 |5.3| 1.0{ 1
}
bbit #74l 1:10 0/12 } —— | —— | See V,' See V Tsee va 7
henolized| TR 1 !
accine | 1:1000 | N/12 | —— | — | See V3] See Vy See [V, S
¥ |
lRabbit AIV] 1:10 1 1/12 | — | —  8/12 Pp———— 10.5} 71
covered :
from Jap ] ‘ .
infection | 1:1000 3/1 § — —_— | 8/12 | = s 2.1i S |
[} . X
bit @V | 1:10 o/12 == A2 ! s T8
covered ! : i |
rou Jap | : { i
nfection { 1:2000 | 0/12 | e { — [8/12 g { 8,
i | : o

# All mice received 0.5 ml of serum intravenously and were challenged

at once with 10 and 100 LDgo of the Ince strain (LDgq

10~7).

The

number of 11 or 12 represents the total of mice injectod at thes

above dilutions.

-

Not computable

This rabbit was bled after 3 ard
of.%he 1 or 2 doses
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Table 3

The protective effect of serum from rabbits after recovery from
a living dose of the variant strains of Jap

e P & e o e | <

Immune ! Normal | i i
:',Imnmne . Dilution Dead I Dead MPR s l
iSerum ' Tested Tected { tested ! A
‘ _E5R 3 1 H
' : : i ; . 3
Jap A { | Undiluted ! 1/10 ! 7/12 . 3.9 | 6 |
‘Baooth 1110 o2 | 1012 x 10 |
.. BDgo 10707 1:100 1/12 10/12 . 161 7 9
| Immunogenic-for :  1:1000 512 11/12 : 3.5 6
Jap B : Undiluted /12 | ' .
l Non-Smooth I 10 i im ! 1012, 5.4 8 |
| IDso 10=2=2 | 1:100 ; 0/12 10/12i % i 8 |
i Non-immunogenic |  1:1C00 1/12 /12 | .4 . 10
Jap C } Undiluted l 0/12 1/12 } A L7 |
| Smooth i 1:10 0/12 10/12, & 110
| LDgo 1070°8 . 12100 2/12 i 10/12, « ! 8
l Less immurogenic|  1:1000 0/12 11/12 . I n '
|tk i ; Ly
] H ' )
Jap H | Undiluted ' 0/12 712 & 1+ 7 |
. Smooth » 1210 i 0f12 10/12| =z ‘10
., LDgo 1074° i 1:100 S V) b 10/12 | k0! 9 |
i . 121000 | 0/12 1121 & i1 :

i Immunogenic

All rabbits received sublethol doses of the living variants and
were bled 10 to 14 days after infection.

X Not computable
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Table L

The protective effect of serum from rabbits after recovery from
two living doses of the variant strains of Jap

=

o p— e v+ A . S—- e, - 7 i

- r—_

T e —e— T~

file—
Immune ! Normal : T
Tmmune Dilution Dead ! Dead | WPR : ue
Serum r  Tested | Tasted : Tested | N SN
L | . ' , i

1 T S
D apa | ‘unatluted . 02 | 1M x | n
| © 1110 v o/12 ! 10/12 x 10 |

! . 11100 2/12 | 9/12 6.0 7
! i 111000 112 0 12| 9.0 | 10 |
Jap B i Undiluted | Toxic 11/1 & x
: 1:10 ' o/12 . 10/12 X 10 |
e ‘5 1:100 02 9/12 x 9
b0 ! o122 0 1Az | w0 |
| dap C | -Undiluted | 02 . 1/u = o on |
I 1:10 o012 10/12 = | 10 '
! 1:100 ! 0/12 9/12 x ! 9
!L ! 1:1000 i /12 /12 ; 2.9 ! 10 |
| JopH  Undiluted | Todc | na1 . x| &
[ {110 I op2 | A2 ! & . 10 |
i ; 1:100 | 0/12 9/12 ' & ! 9
| i 111000 | 212 /12 ¢ 7.0 1 9

x Not computable
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A Protection Tests -~ Whole and Fractionated Serum,

This experiment was dones in collaboraticn with a graduate student
working with Dr. Mills, He is fractionating serum from infected rabbits
using the methods developed by Cohn{8] mractions II and III represent
gama and beta globulins, Praction IV,V and VI fepresont alpha globulin,
albumin and non-protein constituents. In this preliminary test no attempt
was made to refine the gamma or beta globulins. The protection tests show
the protective effect of the whole serum compared to the effect of Fractions
II,III and IV,V,VI.

The method for producing the serum was to infect the rabbits with LOO
million of the respective variants of Jap and to bleed them after 10 days.
A portion of the serum was kept frozen until the remaining serum was
fractionated and ready to be tested. It may be seen from Table S that Jap
H, A and B all gave Sigma values above 5 at dilutions of 1:10 but only Jap
H gave a Sigsa value above 5 at 1:1000.

Jap A II and III and Jap B II and III gave Sigma values of 6 and 1
respectively at 1:11000, Jap A IV,V and VI and Jap B IV,V and VI gave Sigma
values of O and L respectively at 1:1000. ‘The values given by Jap H IT
and TII and IV,V and VI are discrepant since it would be expected that IT
and III were the protective part of the serum. Jap H II and III gave a
Sigma value of O at 1:1000 and IV,V ard VI gave a Sigma value of 5 &% 1:1000.
Jap B IV,V and VI also gave greater protection at 1:1000 than Jap B II and III.
It sesms possible that these results indicate incomplete separation of the
serum fracticls. This experiment is being repeated and will be reported
later. In all ceses the agglutination titers were negative in fractions

IV,V and VI. %he protectiwve titer of Jap H and Jap A whole serum at 131000
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was better than Jap B and this is in line with greater immunogenicity of
H and A when given to mice in sublethal doses.
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Table S

Sumnary of the protective effect Tor white mice of whole
serum and of fractions {rom recovered rabbits

e e ———— .
4

e o e e © 4

e ——
ource and Dilution Dead Dead 2
gl. titer Tested Tested Tested

>

Jap H = 8 1:10 0/12 8/12 8

Berum

1:10,2L0 ... 11000 3/1e 9/12 6

Jap H 1:10 6/12 2

11,111

125120 1:1000 9/12 0
ap H 1:10 0/12 8
v,V,VI
o) 1:1000 L/12 5
ap A - S 1110 1/12 Vo7

rum

121,280 1:11000 /12 3

Jap A 1:10 0/12 8

11,111

1: 2560 111000 3/12 6

Jap A 1:10 8/12 1
o 1:1000 9/12 0

————— — — — ol e SR D

Jap B - NS 1:10 1/12 ?

Serum

1. 320 1:1000 8/12 1

i SRR S %

Jap B 1:10 L/12 L

11,111

1: 320 1:1000 8/12 1 1

Jap B 1:10 L/12 L

1v,V,VI
o) 1:1000 sY12 4

% The immune serum was obtained from rabbits which had recovered from

an inoculation of L0O million organisms of the strain designated.
The letter S indicates that this was a smooth variant, NS, a non-

smooth variant.
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IT. IMMUNITY STUDIES
B. Bactericidal tests:

The tests as outlined under Material and Msthods have been continued
using individusl rabbit and human blood. Tables 6 and 7, give the figures
obtained where normal, vaccinated and recovered mman blood is inoculated
with a virulent strain of Bucterium tularense and sampled after 24, L8 and

72 hours of incubation. BEach dlood sample was tested at two levels of
inoculum, aamely LOO organisms per ml and 4OOO organisms per ml. The
results ars exoresséd in log mmbers since analysis of the exact counts
indicated that differences within logs were not significant. It may be
saen from the tables that the bactericidal effect of human blood from
vaccinated and recovered persons was very slight and there was ;s].ight
difference between vaccinated and recovered. Probably most of the effect
was dus to the nresence of agglutination in the vaccinated and recovered
bloods. That there was a slight bacteriostatic effect is svident from
Figure 1. The results on vaccinated and recovered rabbit blood are
given in Tables 8 and 9 and Pigure 2. In the case of the rabbit blood
there was some reason to believe that the bacteriostatic effect was more
marked in the recovered rabbits than in the vaccinated rabbits. Both
the vaccinated and recovared blood contained agglutinins but the nmumber
of organiems in the recovered blood was consistently less at L8 and 72
hours than in the vaccinated blood. In no case however was the blood
sterilized. Clearance studies, revorted on vage 43 this report indicate
that {n the mouse, removal oi organisms from the blood stream is mosat

effaectively performed by thes liver.

¥y
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Table 6

Bactericidal effect of human blood

r
Blood tested l.gg. Titer {“d Bour-ef testing
2L L8 e
Normal
1 0 x30™ 3x10° | 1x20* | 2 x10°
2 0 X100 | L x10® | 1x10* | 5 x10®
3 0 x10°| 2x10° | 2x10° | 3X10°
L 0 ex10°| 2x10" | 1x10° | 3 x10°
!
5. 0 pxw*! 2x10* | 2x1c* | 2X10°
8 0 3x20° | 3x10° | 1x10% | 5x10°
e + ¢ Jog| J=+T Iog
Vaccinated i 2 +1log| 1= sare
since 1 2 same 1« +3 Logs
accination 1= +4 logs
1 (4 mo.) 11320 3X10° | 9x10° | 2x10® | 3x10°
2 (2 mo.) 11160 3x10° | 5x10* | Lx10® | SX10°
3 (2 mo.) 1:160 kxloa 2X10*| 1x10° | 3Xx10¢
b (1 mo.) 1:640 Bx10°| 2210° | 1210° | 1x10°
5 (1/2 mod) 11640 Bbx10*| 211" | 5X10° | 3x10°
6 (1/2 mo.) 1160 3x10° | 3x 102 | 6X 2 X 10°
+ 1 log| 7= same
%%:rargg 3 same 3= +1 log
nce 1= +2 log
L,‘?.acovez'y
1 ? years 1:80 3X10° ) 2x10° | 4Lx10® | 2X 10°
2 L years 1:320 J31:10" 2x10* | 6x10* | 6X10°
3 (11/2 nc.) 1: 320 Pxi0*! 1x10* | 3x10° | 8X10°
b (9 mo.) 111280 Pxio* | 210 | 9x10* | 1x 102
5 (2 mo,) 1:2560 3X10° { 1x10 | 1x10® | 9 X102
6 (2 mo.) 1:5120 3X10° | s x10® | 8x10® | 5Xx10®
7 (1 mo.) 1:640 3X10° | L x10® | 2x10? | L x10°
5 same 5' gsame
l-1logl 2= +1 log
¥ The heparinised blood was Inoculated with a dilution of om to give a

calculated dosage of LOO organisms per ml.

e
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Table 7
Bactericidal effect of human blood

Hour of Testing
Blood tested Agg. Titer ‘
— 0 2L L8 T2
Normal
x
1 0 2Xx10°|3x10° {1 x10% |7X 10¢
2 o] 2X10% {1 x10° | 3 x10* {LX 108
3 0 2x10® [2x10®2 | 9x10° {3 X 10
k 0 2x10° {1 x10° | 2x10° |1X210%
[ 0 2X10°2x10° | 1Xx10* {6X10*
6 0 6xX10° {1 x10* | 1 x10* |2 X 10*
T+ 2 logih + I log
Vaccinated 3+11log|2+ 21log
2 same
1 (4 mo.) 1:320 2x10° [4bx10® | s x10® |5 x10°
2 (2 mo.) 11160 2X10° |2x10° | 1 X 10* |L X 10%
3 (2 mo.) 1:160 1x103|1x103 | 2x20% |3 x10*
4 (1 mo.) 1: 640 3x10° 11 x10° | 4x10® |2 x10°
5 (1/2 mo.) 1: &0 2x10° |1X10%|{9x10° |2 X10%
6 (1/2 mo.) 1:160 2xY10%|2x10° | 3x10® |1 X 10*
T +1 Iog same
Recovered S same L + 1 log
1 ? years 1:80 3x10%|1x10® | 2x10® |1 x10%
2 L years 1:320 2x10* |9 x10? { 2 x10® |5 x10°
31 1/2 years 1:320 1X10%{1x10%|1x10° |6X10*
L (9 mo.) 1:1280 2x10°j1x10°]2x10 {1 Xx10°
5 (2 mos) 1:2560 2x10°|1x108 | s x10® |9 x10°
6 (2 moe) 1:5120 2xi0%|2x10%| L x10? |5x10°
7 (1 mo.) 1:610 2x10*12x10%| 7Xx10* |1Xx10¢
3 sare L same
3+ 11log

¥ The heparinized human blood was Inoculate
a calculated dosage of LOOO organisms per

h -1 13# |
with a dilution of Sm to giwve

ml.
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Table 8

Bactericidal effect of rabbit blood

Hour of testing

T
Category |Treatment Titer 0 T 2L L8 12 |
k&omal
1 None 0 ,h ) ¢ 10” 8x10%| 1x10%| 8 x10°
2 None 0 3XY10® |sx10°| 1 x10%| L x10¢
+]1 +1
Vaccinated $2 +*2
1 Jap A 1:320 2X10® {2Xx10®| 1Xx10°| L X 10®
2 Jap B 21160 3X10° ;3Xx10®| 1 x10%| 1Xx10°
3. Jap H 1:80 3x10® {5 x10®! 8 x10° X 10®
T same ; same
Recovered l+}
f i
1 Jap A 1:1280 |4 X102 1x10’| Lxit] 2 x 10t
2 Jap B 1:320 bx10%® |2 210°] 8x10*| 3 x10®
3 Jap H 1:10,200 [3X10* 11710 LX10? X 0%
P §-—1—.
|

11

& The heparinized blood was inoculated with a suspension of Sm to give
a calculated dosage of LOO organisms per ml.

1 Rabbits were injected with 1 ml of phenolised vaccine of the strain
designated containing LOO million organisms per ml.

Rabbits which had recovered after an infecting dose of LOO million
living organisms of the strain designated.
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Table 9

R e

Bactericidal effect of rabbit blood

SNy

,Ln Hour of Testing
Rabhits Agg.
ategory ; Treatment | Titer [ O 20 } I} 7
' H
ormal 1
‘ |
1 Nne | 0 [13x10°%)3x10°{Lx10° |1X10°
2 None ] 3x10° |2x10° 3 x10¢ (5 xio*
AV | 1+ 1 log|l + 2 log
accinated: 1 same 1 + 1 log
1 | Jap At 1:320 l2x10% |5x10® 4k x10® |4 x10°
2 Jap B 1:160 {2x10® 11x10°|{3x10° |Lx10®
3 Jap H 1:80 2x10% |2x10%)3 x10® |LX10% |
I -1 logl) same
Recovered 2 same
1 JapﬁfT 1:1260 |Lx10® | 8x10° |4 x10® |2 x10® |
2 Jap B 1:320 {3x10® {1x10%|8Xx16® |3 x10®
3 Jap B 1:10,240{3 X 10® |7Xx10®*]2Xx10° |2 x10?
- og !".‘Tqu
[} l o, 2 loq

% The hepariniized blood was inoculated with a suspension of Sm to give
a calculated dosagas of 4,000 organisms per ml.

Rabbits were injected with 1 ml of phenolized vaccine of the strain
designated containing 40O million organisms per ml.

1

living organisms of the strain designatad.

Rabbits which had recovered after an infecting dose of 40O millicn
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Pigure 1 The effect of normal, vaceinated and recovered
human whole blood when inoculated with L0O:

orgunisms per ml and sampled at thé time shown,
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The effect of normal, vaccinated and recovered
rabbit whole blood when inoculated with LOO
organisms per ml and sampled at the time

shom,
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II. I 'MUNITY STUDIES
C. Ascoll tests:

Racent reports by Larson(>)» (9) have indicated that this test could
be used to identify an antigen present in animals dying of tularemia or
plague. The antigen from tularemic animals and from cultures is thex"-no-
stable, mecific? extragctable with ether and is acetone insoluble. It
is stable enough to remain reactive in dead animals for 1l days. The
cherical nature of this antigen was not defined nor was the time of its
aopéa.rance or the relation of the antigen to the oresence of antibodies
ir the animal elucidated.

It seemed worth whils in connection with other studies on the

virulence and immunogenicity of various strains of Bacterium tularense

to ask the following questions: 1. W#hen does the Ascoll antigen appear
in the infected animal, in the challenged immune animal, and what is
its relation to antiboudy occurrence; 2. What is thes relation to virulence
of ths strain used to infect the mouss; 3. Is the Ascoli antigen
immunogenic for white mice?

In preliminary exoerimente mice injscted for other exneriments
were routinely examined after autonsy for the ovresence of the thermo-
stuble auntigen. The liver and spleen were pooled, ground and mixed
with four ml of saline thus giving roughly a 1:5 dilution of tissue.
This was heated in flowing steam for 30 minutes, centri.t\;ged and the
supernatant used for orecinitin tests. The sera used are normal rabbit
serun and immune rabbit serum with an acglutinin titer of 1:2560. A
sumnary cf Lhis experiment is shown in Table 10. Ths results shown in

Tabl: 12 ciggestad that strains of both high and low virulence when

L L




Tabls 10

The number of mice showing the Ascoli antigen
following death from challenge

[SR

Challenge organism Day of death Positive Precipitin
and LDgq es Titer

Jap H 10~4¢8 1.3 2/l 1:16

Jap H -6 6/1 1116 to 1:64

Jap 1 10=4¢¢ 1-3 u/9 112

SmA 10-9-8 1-3 6/6 1:2 to 1164

|SmA -8 21/27 112 to 1164

Ince 1077 4-8 i 1:16 to 1164

Ince + normal Lb-6 13/16 1:8 to 1:64

rabbit serum

Ince + immune -8 1/7 1164

rabbit serum

5 BTl I
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given in sufficient amounts to kill mice produced the Ascoli antigen in I

the tissues. It may de significant that only one out of seven mice which | | !

had received immune serum contained the Ascoli antigen. 5'
In attempting to answer the questdon of when the antigen appears H
and whethex\' its appearance bears any relation to virulence and agglu- ‘
tinating antidodies a series cof mica were inoculated with strains of :
low, moderate, and high virulence and were sacrificoed daily in groups
of three. They were dled fram the heart for serum for agglutin.atlon tests
and after washing the liver and gpleen to remove adherent organisms the
tissues were pooled and treated as given above. The supernatant was ]
used for the precipitin test and the mouse se~um was used far agglutination

tests ‘n the usual manner. A sumary of this experiment 1s given in

Tadble 11. The figures are pooled fa each 48 hours and the titers re-

present the reciprocals of the highest and lowest recorded in the | |
variocus groups. The results suggest that the antigen occurs in mice | |
given lethal doses of the virulent organisms, Sm 1 and BB, LDgo 10793,

when the animals are tssted on the third or fourth day. The animals

given strains of lower virulence, Jap 1, Jap 3, and Sm0, do not show
the antigen unleas given lethal doses. Jap E on the other hand which
is of very moderate virulence gave some evidence of the antigen in Eyl
sublethal doses. Since this organism 1s known to multiply in the
mouse, the mltiplication of the organism may be necessary for the
production of the antigen. The mice challenged with the BB strain

after immunization showed onty two out of fourteen positive. |
All of the mice developed agglutinins and only in the case of the 1

Jap 0 mine vern the agglutinins low when the antigen was present and
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high when ths antigens were absent.

Four strains of varying virulence were extracted by Larson's
zethod. A standard suspension ¢f each strain was used and the various
extracis as shown in Table 12 were used ia precipitin testa. Our re-
rults rgreed with Larsoas in that heat and othor aoxtraction gave reactive
antigeas. Jap H ard Sm,%ot2 of them immunogenic dut Jap K of lower
virulencs, gave a higher average titer for all extracts. Jap C and
Sm0, which are non-immunogenisc and of lower virulencs gave low titera
or nons at all. larson shoved that gho completely avirulent 38 geve
less antigen than the virulent strains 1f extracted with ether dut
the same when extracted with heat alone. We found this was true for
Jap C but not 8a0. A reactive sntigen was apparently present with
ether extract alons from Sm0 but not in the other extracts. The most
reactive antigen was odtained froa cultures by means of ether extrac-
tion followed by acetone precipitation (Dl)' These experiments are
preliniaary and should be pursued using smooth and non-smooth variants
of varying degrees of immunogenicity and virulence.

In connection with other Ascoli tests a large amount of the anti-
genr was prepared for infection into white mice to test the immunogen-
loity of the antigen for this animal. larson (4) had reported that
ether extracted or heat and sther extracted cultures provoked both
agglutinins and precipiting in rabdits, a maximum titer of 1:1280
agglutination and 1:51< precipitation.

The antigen for these tests was prepared as before by the inocu-
lation of 0.5 ml of living Jap H containing 400,000 sells into each
mcuse. The mice were killed 24, 48, 72, and 96 hours after injection
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Table 12

Pricipitin tests and Ascoli antigen extracts
from cultures of variant strains

ans of Strains used and LDg, ﬂ
LgeeLon Jap H 10055 | Jap C 10°0°5 | Smk 1C-5°3 | 5r0
S ] S
Al
Cuiture, super-
nate cantrifuged (o] Y 8. 0
A2
Supernate after
heat 32 32 64 0
B
Supernate A
Fptated acetone 0 0 0 0
B2
Heat plus acetone 8 32 16 0
Cl
Supernate after
ether 6. 16 32 16
ce .
Heat and ether 32 16 64 0
Dl
Ether and acetone 256 16 128 0
D2
Ether plus heat
plus acetone 6L 16 128 0
Average titer 76 22 63

:
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tissues from each lot were ground and treated as follows:

Heated one-half hour in flowing stecm snd centrifuged and the
supernatant savec (Heat). |

Ao above but adjusted to pH 3.0, precipiiatod with cold
methyl alzolai. pd adjusted to 7.0, anﬂ allomed %o stard

over night. TLe _precipit.a.te was Ciscarded and the pH ed-

' Justed to 4-5. Zoual parts of aceione £dded and tho precl-

pitate dissclved in one-half the originul vclume (HAc). |
The grourd tisaues. were extracted with etlier follon.ting
Largons directions and divided into two parts. One part
was used without further treatment (E). The other part
was heated and precipitated with acetone (HE). |

The ground tissues wers extracted with ether as before

and the aqﬁeoul phase was divided into two parts. One
part was precipitaied with cold methyl alcohol. The pre-
cipitate was dissolved &n normal saline to ono-half the
original volume (AIE). Not all of this precipitate dis-
solved until it was treated for twenty four hours in the
refrigerator with buffered saline pE 8,0 (A1EB). The
second pert of the aqueous phase from the original' extract
was precipitated with acetone and the precipitate dissolved

in one-half the original volume in saline (AcE),

These varicus preparations were injected intraperitoneally in 0.5 ml

amounts into 18 mice and they were given four lnjectiions on alternate

days. Ten days after the rinal lnjection; the mice were challenged

with the virulent etrein Sm and au LDy, deteruined using 6 mics per

dilutian.
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The mice evidenced no immunity since the LDgp of the test mice

varied from 10787 to 1079°% and the control mice showed an LD

.
ot 10728, fhere was mo significant prolongation of 1ife when the

test mice weres challenged with 100 L'Dso

days prolongation at 10 L'Dm and 1 LD5° respectively. It is doudtful

» there was one day anll 2.6

if any real significance can be attached to this prolongation of life.
The results are summarised in Table 13. Ascoll tests performed on

all the extracts were negative. This may de explatned by the fact that

we have rarely recovered the Ascoll antigens from mice which were pot

dead or dying from an overwhelming infection.

o
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Summary of the results of the injecticn of tissue
extracts prepared by Larsons method

Table 13

&tnct | Yested ADD T 1Dgo : Ascoli test
'faomal W17 be? 10-8-8 Neg.
fpleat r 16/18 6.5 10-9+0~ Neg. |
i(mw) 15/18 5.9 10-%-0* Neg.
i(B) 15/18 7.8 10~9-0* . Neg. J,
(HE) 11/18 6.7 10~0°0* Neg. |
%(m:) 15/18 5.8 10-°-0* Nege
E(um) 1/18 5.8 1078°? Feg. |
g(AcE) 16/18 6.1 10-9°0 Neg. ﬁ!

1

2 The total number injected with 100, 10 and 1 LDgo after challenge strain
is shown as dead/tested.

T The average day of death is the average day at which all mice died at

the three levels tested.

T"" The extracts were preparsd and coded as given in the text.
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II. IMMUNITY STUDIES

D. Mouse Clearancs:

¥z have previously made quantitative studies on tha progress of
infsction in normal and immune rats following inoculation of multiple
lsthal doses of virulent straint of Bacterium tularense.'l0) me

results demonstrated that ismune animals were adle to limit the mul-
tiplication of the organisms in tissus while in normal animals
multiplication contimued unchscked until death. Woodward, (1) 1n our
laboratory, showed that mioce infected with virulent strairs died with
an overwhelming infection on the fourth to eixth day, whereas mice
whioh had recovered from infection with strains of low virulence were
adbls to limit the multiplication of virulent challenge strains on the
fourth to fifth dxy. The organismae invaded the tissuses, multiplied,
then decreased in numbers, remaining only in the spleen for several
weeks. The sharp limitation of numbers on the fourth to sixth day
was striking evidence of ths ability of the organisas to overcome in-
fection.

Many workers bave shown that after intravenous inoculation of nor-
mal animals, there is an initial decrease of ths organisms in the dlood,
then an incrsasing baoteremia until death. In view of the differences
shown between tho normal and immune animals in previous experiments,

it esexed wo:rth while to study the distridution of Bacterium tularenss

in normal and immune mice, following intravenous inoculation of large
mumbers of organisas.
In the experinents we are now reporting, large mumbers of virulent

organisms were inoculated into the tail vein of normel or iswune mice.

———
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The immune animals had recovered from a sublethal infection. Approx-
imately two to four million organisms were inoculated into the amice.

In each axperiment, two mice were killed at once, at 4, 6, and 24 hwrs
after inoculation. Blood was obtained from the heart for culture, and
the liver, spleen, and lungs were weighed, ground and cultured. All
plate counts were made by surface streaking on GCBA plates. The number
of organiems per gram, and the mumber per tiesue was recorded. The
latter figure is obdtained by multiplying the numdber per gram dy the
woight of the organ. The tsotal number of organisms recovered was

the sun of thoee obtained frox dlood, liver, spleen, and lungs, and
did not therefore represent all of the organisms present in the animal.

Figure 3 shows the results odbtained in the earlier work referred
to, and ehows the bdehavior of virulent organisms inoculated into nor-
mal nice, and into mice which had received an immunising dose of the
immogenic' straine of lowered virulence. It ie apparent that the
orgaxiemg multiplied during the five daye of eampling, but to a lesser
degree in the imm:ne than in the normal mice. The differences in
survival should be noted. 4ll normal mice were dead on the fourth day
whereas the immune mice gave from 92 to 100 per cent survival,

In the present work we attempted to find cut what differencee
were apparent between the normal). and immure animals in the period
immediately after introduction of the organisas in the blood stream.

Tigure 4 showe the per cent of the total organisms recovered from
the blood, liver, and spleen in the respective tissues of mice and
the par cent of the total in the lung, liver, And spleen.
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Figure 3. The multiplication of a virulent
challenge strain in normal and immunixzed

mice.

c
—_— T s ;‘f+' -«
AT AT )
»1
1
I
|
)
1
!
H
;
X
|
i
1
{
5
N
K
a
4




=

TR IR

)

Log. of Combined Number of Organisms in Heart Blood, Spleen and Liver
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Tue MuLTiPLICATION OF HiGHLY
VIRULENT BACTERIUM TULARENSE

IN Mice VacGINATED WITH LIvVING

OrGANISMS OF STRAINS OF
Lowerep VIRULENCE.

Normal

(5]
[#7]
H

Days after Infection

100 % SURVIVAL
92 */ SURVIVAL
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Figure 4t The per cent of the total number
of organisms recovered from the respective
tissues and the per cent of the total in the
liver, lung, and spleen - of normal and
actively iczmunised mice.
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At the first period within five to fifteen minutes after injection,
89 per cent of the organiams could de recovered from the blood in the
normal mice. In the immune mico there seemed to be a striking and
{umediate concentration of organisms in the liver. At the fourth hour,
the organisme had very largely been concentrated in the spleen in the
normal mice, al though the per cent of organisms recovered had increased
in the liver also. The liver of the imnune mice still retained most of
the organiems recovered. After the sixth hour the per cent of organ-
ismps has increascd in the liver, and decreased in vhe spleen, whereas
at 24 hours, the reverse is true. The per cent of organisms has in-
creased also in the spleen in the immune animals.

The total number recovered as determined by figuring the per cent
recovered from the total inoculum was less in the immune than in the
normal. As, for inetance, §0 and 70 at the O hour for the normal,
and 26 to 38 for the immune. The percentage recovered becomes pro-
greasively less for the normal and immune to the sixth hour when
multiplication starts. The dstails of five experiments representing
the average figures on ten normal and ten immune mice sacrificed at
the indicated hours are given in Tadble 14. It may be seen that the
total aumdber of organisms cultured from the immune mice at 24 hours
is materially less than the number from the normel mice.

The immune mice had agglutinins in the serum and it is reasonadble
to suppose that the organisms would bde agglutinated in the slow flow-
ing blood of the liver sinuses and spleen and would de readily phago-~

cytosed. This prodadly accounts for the rapid removal of the
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organisms from the blood of the imrmne animal, but it is more difficult
to account for the suppression of multiplication in the imzmune animal
at the 6 and 24 hour intervals, since our studies have shown only
slight dacteriostatic effect of whole dlood.

Qur results on normal mice are very similar to those of Martin,
et al,{22) 4y ghowed that high proportion of both pneumococci and
staphylooocci are concentrated in the splanchnic area of rabdbdits
during fatal septicemias. Our {nmmine animals dehaved toward virulent
organisms much as the normal raddits dehaved toward the relatively

avirulent stephylococci. Our results and theirs point to an initial

| concentration of organisms in the liver and spleen in normal anizels

followed dy multiplication in the same mu. with an increasing
septicemia from wagshing out of the organisms into the dlood st reanm.

In {immune animals the same procedure appears to occur after the initial
more rapid clearance of the dlood except that the degree of multipli-
cation is less, and there is a gradual, dut continmued, dscrease in
sultiplicaton of organisme until the animals recover.

Sudbsequent clearance cxperiments carried ocut in mice passively
protected dy immune serum from rabdbits which had recovered from a
sublethal infection with the strain Jap, revcaled that the organisms
were concentrated in the liver as defore in the immune mice wiihin
10 t5> 15 mimites after injection. After the sixth hour, multiplication
took place in the liver and spleen and in these two series the mul-
tiplication in the immune mice after 24 hours was less than in the
normal but the difference was much less striking than in the actively

{Lucune mice. These results are graphically shown in Figure 5.
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Pigure 5:

The per cent of the total nmumber of
organisme recovered from the respec-
tive tissues of normal and passively

immunised mice,
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Table III and IV in the appendix show the detailed counts
and percenteges.

Passive clearance was also done on immune serum which had been
fractionated. The fraction used gave the same general results as
the whole immune serum as seen from Figure 6. The details of this

experiment are set forth in Tables V and VI in the appendix.

1 P
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The per cent of the total nurber

of organisms recovered from the
respective tissues after the injection
of normal, immne, and fractionated

irmune serum into mice.
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IIl. VARIATION STUDIES

Studtes on variation of certain strains of Bacterium tularense are

being continued with the hope of correlating the relation of colony
type, immunogenicity, antigenicity and virulence.

The work reported here is a contimiation of the studies on
variation given in the report for the first six months of the project.
They will be discussed under the following topics: A, The antigenic
responss to variant strains in rabbics ani rats, B, The behavior of
smooth virulent forms in white mice and rats, C, The multiplication
of variant strains in white mice. The details of these experiments
are given in the appendix, the msthods and results will be sunmarized
here.

A. The antigenic response to variant strains in rabbits. and rats.

We have previocuely reported the selection of smooth and non-

smooth colonies from a variety of parent strains of Bacterium tularense .

using the methods described dy Werner Braun in numerous publications.
These variant strains have besn shown to be divisible into two groups

on the basis of their properties in white mice.

Group I Group II
1. Coluny type smooth 1. XRon-smooth
2, Virulent for white mice to some degree 2. Avirulent
3. Immuncgenic for white mioce 3. Hon-immunogenic
4, Toxic for white mice 4. Non-toxic
S. Multiply in mice after small inocula. 5. ultiply poorly.

The properties of colony type and immunogenicity in many different
species of microorganisms are linked with the presence or absence of

osrtain antigens. These studies on Bacterium tularense are attempts to




—— - FI——— e - e w——— —

~Sh-

find evidence of such antigen association. Studies dy lright.(ls) l

Nicholea(“) and ourselves have not indicated that the tularense

¢
i
; carbohydrate is ladking in avirulent cells. Larson also has demon- &
|
strated that the heat stable antigen of the Ascoli test is present
in ailtures of avirulent cells. That the avirulent cellg debave
1

differently from the virulent cells can be readily seen from the \
following experiment, )

The antigenicity and immunogenicity of the variants chosen were
tested on the susceptidle raddit and the more resistant rat in the
following experiment. The antigenicity of the strains was measured @
by the agglutinin titers after infection and the immunogenicity
by the resistance of the animals to challenge with a virulent strain.

The variants chosen were Ri 1 and Jap H representing members

of Group I, smooth, partially virulent, and immunogenic for white

mice. Ri 2 and Jap B were memders of Group II, non-smooth, avirulent,

non-inmunogenic.

Tive animals were injected with each variant. They received 3

! intravenocus injections on alternate days, containing 2 to 4 million l

organismc. Agglutination titers were dstermined after each injection

series at 2, 4, 6, and 10 days. At 21 days the injection series was

repeated and the agglutination titers were determined after 27, 29, 31
and 35 days after the first injection or 2, 4, 6, and 10 days after
the second injection. All of the animals wero bled froz the heart
on the 3565th day to obtain serum for dssociation experiments.

On the 38th day all of the animals together with normal controls

wars challenged with a virulent strain, Sm A. The rats received
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0.5 ml containing 400 million cells and the rabdbits raceived 40 cells
administered intraperitoneally. The individual titers are given in
the appendix, Table VII and Table VIII. Table 15 and figure 7 and
figure 8 give a summary of the results. Tho average titer for the

S animals in each case was obtained by averaging the mumber of the
tube in the ser.as corresponding to the respective titer. The actual
average titer was then determined. Ri 1 produced the highest titer
in rabdits and Jap H the highest in rats following the first series
of injecticus., Ri 2 and Jap B, the non-smooth variants, induced
only a meager response in rabbits and a somewhat higher response in
rats, In nelther case was the titer as high as in the Ri 1 snd Jap K
animals.

The second series of inoculations evoked a rise of titer in rate
with all variants, but in the case of Jap H the peak did not rise
above the level attalned on the 10th day after the first series. No
marked rise was observed in raddits after the second series of
injections.

Although in rate E! 1 and Jap H gave greater response than Ri 2
and Jap B, the conirast was not as great as in rabdits. This may de
geen from figures 7 ard 8.

The details of the results of challenge in the rats and rabbdits
are given in Table IX in the appendix. None of the rabbits survived
100 mouee LDgy of the virulent strain though there was a slight pro-
longation of the average day of death in all of the rabdbits. The rats
survived 10 million mnuse LD50 with ore exception. This animal died

on the same Aay as the controls.

el o b s
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Table 15

Comparison of the Reciprocal of the Average
Agglutinin Titers in Rabbits end Rats

Veri<| Animal_ Days alter Inltial Injection
ant T2 06 3 10 2L | &7 | D 35
Riy 1 Raboit| 0 | 18| 1280 |28672 || 3581 | 230L | 3072 |2560 | 130k
20281 nat |2, | 128] 2008 | 5120|1021 | noss | @ |3072 | 2560
;mns. Rabbit| 0 | of o 20 20| 5§ L] of o
il me 56 | 64 112 128 || 160| 320] 320 | 320| 112
‘;%S_B.Lllabbit 0} 20 2L 28|l 12 16; 2 o 0
Rat |L8 | 112} 6LO 54!&6 ;129{: 1024 [1792 | 1024
;I-a-p{‘}l JRabbit o| 24} 570 thI 160% 221;:} 160 | 144 | 192
io- ‘mat_ | o | 60ho2ko 112288 Y 61ul 1 3072 | 5120 13328 | 3328

1 S =-8xosth, NS = Non Smooth

¥ The mouse LDgoy i3 given for the various strains
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Figure 73

The antigenic response in

rabbits to Bacterium tularense

variants
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Figure 8: The antigenic response in rats

to Bacterium tularense variants,
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Table 16 gives a comparison of ths average agglutinin titer and
the average day of death in both groups of animals.

There seems to bde ovidence here that the smooth strains Bi 1 amd
Jap H have an agglutinogen which is more active or is lacking in
Ri 2 and Jap B. The antigen which is responsidle for immunogenicity
in rats is apparently present in bdoth smooth and non-smooth strains,
whereas the antigen responsidle for protection of mice is largely
lacking in the non-gmootih strains. Rabbits as usual can de shown

to respond with agglutinins but are not immune to challenge doses.

e ——————
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Comparison of Average Agglutinin Titer
with Average Day of Death following
Challengs wi th Sz A
, ~ Rabbits Rats
Dead Tead
Variant | Titer (1)] Tested | ADD (2) || Titer (1) | Tested | ADD (2)
Ry 20l 5/5 | 6.8 3328 0/3 | Sumvived
> ) /L 5.3 160 1/3 2.0
, -
Jap B 0 s/5 5.6 1024 o/s Survived
Jap H 160 u/ S.l 5120 0/2 Survived
Fcrml | 0 s/S 3.6 0 L/ 2.0

(1) Determined 3 days priar to challenge. Represents average
titer of animals actuully challenged.

(2) Average day of death of animals challenged.
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IIl. VARIATION STUDIES

B. The behavior of emooth virulent forms in white mice and rats.

The 52 1 variant was selected for these experiments which were
designed to determine if there was any dissociation to non-smooth
forms in normal, highly susceptible white mice, in mice infected and
then treated with streptonycin, in mice immniged by an infection
which had been held in check by streptomycin.

Sz 1 is a variant selected far smoothness and virulence from the
parent virulent Sa strain which is predominantly smooth Yut which
dissociates when stored in droth into smooth, non-smooth and eucoid
colonies.

Fifty nire mice were injected intraperitoneally with two to four
hundred organisms. JForty nine mice received 10,000 units of dthydro-
streptonycin intraperitoneally on ths second and third days after
infection, 2000 units on the fourth and seventh days. Two infected
untreated and two treated mice were sactrificed at 0, 24, 48, 72, and
96 hours after infection. Impression smears of the heart blood and
cultures from the emulsified liver and spleen were made on Snyders
agar and on GCBA. The plates wera incubated 72 hours at 37° ¢ and
exanined after flooding with crystal violet as descrided in the re-
port dated December 31, 1961.

In order to test the immunogenicity of Sa 1, two weeks after
the injection of Sm 1, 39 of the surviving treated mice were chal-
lenged with 0.5 ml of Sm 1 (SS) diluted to 1075, 1077, 1078, as
& control 30 normal mice were injected with Sm 1 in dilutions of

10'8. 10'9. 10-10. The LDg. of the streptomycin treated mice was

e
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10’6'3. the I.Dso of the cuntrols was 10’5’3. There Testulte

shovn in Table 17. It is then apparent that the virulent Sm 1 was

-~

immunogenic if the mice were treated with streptomycin in order to
hold the infection with the virulent strain in check and allow
survival.

Ten of the treated immunigzed mice and ten normal mice were each
injected intravenously with 0.5 ml containing 20 to 40 cells of Sm1l.
Two mice of each group were sacrificed at once and 24, 48, 72, and 96
hours after injection. No change in colony type took place during
the four days ¢f observation in normal mice. Orgenisms were e~
covered from the streptomycin treated mice only after 48 hours and
were smooth. Organisms were recovered from the immune mice only

at 24 hours and also showed no transformation. This is a somewhat

unsatisfactory experiment because of the rapid dieamnearance of

organisns from the immune mice. The dosage greatly affects the
survival and mmltiplication of the challange strain and therefore
this axperiment should dbe repeated with larger dosage.

The bebavior of two variants in rats was studied as follows:
the variants chosen were 383 smooth and completely avirulent B r
white mice; Sm 1 emcoth and highly virulent for mice as shown ix
the previous experiment. Two groups of nine normal and nine imrmune
rats were used. The latter had recoversd from ten I.Dso doses of
Sa A, a smooth virulent variant of Sm. One group of immune and nosrwal
rats received 1 ml of 385 con‘aining 200 to 400 million organisas.

The second group recseived ths same number of Sa 1.

- -y
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The immunogenicity of

dihydrcstreptonycin

Tablé Y - :

Sml in mice treated w th

Normal mice (controls)

Mice treated with streptomycin

2L,000 units
Challenge Dead ADD 1Dg Challenge Dead ADD LDgo
dose Tested ° dose Tested
10~® 9/10 | 5.0 Yo 107° L/9 7.2 { 107¢*3
10~° 8/10 ! 7.0 1077 2/10 | 11.0
10720 1/10 : 8.0 1 G=2e 3/10 10.3
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Immediately after infection and 24, 48, and 72 hours later,
two rats from each group were killed, at 96 hours one rat only was
killed. Smear impressions of the heart bdlood and emulsions of the
liver and spleen were cultured and examined for colony type on
Snyders and GCBA as descrided undsr the mouse experiment.

Three of the normal rats injected with Sm 1 were dead at 48
hours after injection, hence no resulte are availadle for the 72
and 96 hour intervals.

The results of this experiment are largely negative in that no
organisms were recovered from either the normal or immune rats after

injection with 38 In the normal rats injected with Sm 1 amooth

a®
colonies only were observed after 24 and 48 hours. In the immunse
rats smooth colonies were observed after 72 hours but no growth

was present in the rats killed at 96 hours. No non-smooth Sm colonies
appeared in the normal and immune rats in any tissue during this
experinent. We have thua. been unable to show tlhiat non-smooth forms
appeared in either normal or i{mmune susceptidle animals (mice) or

in normal or icmune resietant animals (rats).

h
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I11. VARIATION STUDIES

C. The mltiplication of variants in white mice.

The ability of the several variants to multiply in white mice
haa been studied wxtensively in this laboratory in connection with
1munogon1c1£y and colony type. The immunogenic strains seea to
mltiply well even when they are not highly virulent and are always
of the smooth type. In this experiment great care was taken in the
selection of the strains and all mice were given the same initial
dose. The following strains were seiected: 38 parent, avirulent
szooth and non-smooth; 38z, avirulent smooih; 384, avirulent non-
suooth; Jap parent, mcderate virulence smooth and non-smooth; Sa
parent, virulent smooth and non-smooth; Sm 2, avirulent non-smooth.
Mice injected were killed at once and daily thereafter for four
days. Spleens were weighed, ground and appropriate serial dilutions
were plated. The growth: was examined for colony type as defore.

The results from the mice injected with 38 were unsatisfactory
sin~e no growth occurred even in the inoculum. It is therefore omitted
from the tabie. This organism is more particular about its growth re-
quirements than other strains and lack of growth is a frequent
occurrenss. It is apparent from Tabtle 18 that the Jap and Sm parent
strains grew well and showed no non-smooth colonies. The non-smooth
Sm 2 grew also but not as vigorously as the other more virulent strains.

It di4 not show any change from the non-smooth type of colony.
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Table 18

The multiplication and morpholcgy of variants during
infection in mice

Time of | Jap (S) inoculum?t Sm (S) inoculum Sm 2 (NS) inoculum
Sacrifice L.8 X 10° 1,7 X 10° 8.5 x 10?
clony | Organisms [ Colony Organisns Colony ganisms
type | per gram type per gram type er gram
of spleen of spleen f spleen
) 0 0 0 0 0 | 0
24 smooth | 2.6 X 10®° | amooth | 6.5 X 10% o] 0
L8 smocth| 1.9 X 10% | smooth | L.7 X 10® | non-smooth 6.2 X 10*
72 smooth | 1.7 X 107 | smooth | 1.7 X 10° | non-smooth 1.8 X 10%
96 smooth|{ 1.9 X 10° : smcoth 5.6 X 10° | non-smoth 1.8 x10*

1 This gives the total number in the inoculum injected.
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DISCUSSION

Various immunity reactions in highly susceptiblé and partially
resistant animals have been studied with a view toward understanding
the mechanism whereby the animal which has had prior experience with
Bacterium tularense clears his tissuves of the living virulent organ-

isms used for challenge.

The properites of the organisms which incite resistance on the

part of certain hosts (immunogenicity) and those which account for virulence

have also been studied.

In the present report we have prepared polysaccharides from
fully virulent and partially virulent immunogeinic strains. We have
confirmed earlier work in this laboratory that such polysaccharides
unlike the pneumococcus polysaccharides are not immunogenic for the
white mouse,

We have attempted to isolate immmogenic antigens from Lhe tissues
of infected mice and have shown that although the length of life was
prolonged by such antigens, a high degree of immunity such as that pro-
duced by infection in the white mouse was not induced by these tissue
antigense.

A satisfactory protection test has been worked out as well as
an evaluation of it. This test will prove valuable in assessing
the protective antibodies in whole and fraccionated serum and pro-
bably also in evaluating vaccines,

We have shown that serum from rabbits which had recovered from
infection with immunogenic strains of moderate virulence is more

protective than serum from rabbits which had received phenolized

-
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vaccines made from the same strains. Recovered rabbits as well as vaccinated
rabbits succumb to a virulent challenge dose in spite of the protective effect
shown by their serum. This is one of the examples of the difference with
which different species react to infection or vaecination with Bacterium
tularense,

Protection tests with rabbit serum which had been fractionated has
been useé in preliminary experiments in collaboration with the Biochemistry
Department.

A series of bactericidal tests on individuals who had been vac-
cinated with Foshays vaccine or who had recovered from infections
acquired in the laboratory showned that whole blood from recovered
persons was more bacteriostatic than whole blood from vaccinated per-
sons. The tactericidal or bacteriostatic effect at best is slight,
since the blood is never sterilized even when as little as LOO cells
per =1 of blcod is added.

Bacterieidal tests on vaccinated and recovered rabbits agreed
with the results on human blood but the difference between vaccinated
and recovered was more pronounced,

The bacteriostatic effect is evidently not wholely a matter of
agglutination since both vaccinated and recovered bloods contained
agglutinins,

We report a series of Ascoli tests following Laraom(h)techni-
qus. This promises to be a useful tool and we have shown in this report
that the antigen is present most abundantly when the mouse is over-

whelmed by infection with virulent strains. It dewvelops in the presence
of immunogenic strains such as Jap H, but develops weakly or not at

all with strd ns of low viulence. The latter strains produce agglu~

2

-—




e T

"L Teag e -

~£5-

tinins however. It may be present alsc in the presence of agglutinins
but tends to disappear as the animal recovers.

Mice which are challenged after becoming actively immune or after
having received immune serum rarely show the Ascoli antigen.

The Ascoli antigen appears not to be immunogenic for white mice.
Larson(l) reported the production of agglutinins in rabbits following
the injection of Ascoli antigen.

A series of tests orn normal and immune mice have shown that the
immune mice removes virulent organismes from the blood stream with
great rapidity and concentrates them in the liver. This finding
suggests that part of the immunity mechanism in the mouse is due to
an effecient phagocytic ability on the part of the fixed tissue cells
of the liver, The circulating antibodies of the mouse ere only feebly
protective, Pannel1(6), and this 1s true for rabbit and human serum.
It is apparent that circulating antibodies as demonstrated by the
protective text or by bactericidal tests are not an index of the resis-
tance of the animal to infection. In humans, rabbits, rats and mice
agglutinins, protective antibodies and bactericidal antibodien are pre-
sent after vaccination or after recovery but in the case of mice and
rabbits, no solid immunity results after infection with immunogenic
strains of moderate virulence, bul rabbits do not develop a solid
immunity. In man and rats probably a higher degree of immunity resulte
from infection but a fair degree of immunity results from vaccination
w th killed cultures.

Experiments have been plammed to study the combined role of

antibodies and phagocytes on immunity in rats, rabbits, mice and humans.
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A long series of studies on variants of Bacterium ttlarense have

led to the following accomplishments:

(a)

(v)

(e)

A technique has been worked out for the recognition of

smooth and non-smooth colonies on GCBA plates as well as

on Snyders media.

We have becen able to show that our variants fell into 2

" groups. Group I is smooth, virulent, immunogenic, toxic,

and has the ability to multiply when inoculated into mice
in small numbers, Group II is non-smooth, avirulent, non-
immunogenic, non-toxic, and multiply poorly in white mice.
We are able to select both smooth and non-smooth colonius
from avirulent strains hut we have no non-smooth strainu
which are of full virulence.

Smooth, partially virulent variants induce the formation

of high titers of agglutinins in rabbits, and rats. Non-

smooth strains induce very low titered agglutinins in rabbits

but produce higher titers in rats, Rabbits do not become
immune as a result of recovery from living doses of either
swooth or non-smooth strains. Rats on ihe other hand become
solidly immune as a result of infection with beth types of
variants. These results would seem to indicate that the
agglutinogen present in smooth strains was lacking at least

in part in the non-smooth strains. The immunogenic antigen

for rats is evidently present in smooth and non-smooth strains.

No more immunity to challenge is produced in the rabbit by
smooth than by non-smooth strains in spite of the high

agglutinin titer.
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(d) Experiments reportsd briefly here have shown no tendency
for smooth strains to dissociate into non-smooth straims

in either rats or mice. These studies are being continued.
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